The impression is prevalent that pylorospasm results from emotions or through viscero-visceral or somato-visceral reflexes, initiated by irritation of any portion of the body. It is also believed that the delay in gastric evacuation which results from such irritation is largely or entirely due to this pylorospasm. Much of the evidence on which these concepts rest may be questioned, since it consists of rather indirect observations or of studies, by more direct methods, performed on anesthetized.
animals. Representative of the first group are the studies of Cole (1) who concluded that lesions near the sphincter produced pylorospasm, since on x-ray examinations in which gastric evacuation could not be detected, he observed barium lying in longitudinal striations in the sphincter. In the second group, Carlson and Litt (2) observed, in anesthetized dogs having a balloon which was rapidly inflated and deflated in the sphincter, that stimulation of many visceral sensory and at least some somatic sensory nerves induced a temporary contraction or spasm of the pylorus.
The original investigators or the subsequent commentators have usually assumed that any delay in gastric evacuation resulted from pylorospasm. On such a premise, supposed evidence has accumulated that pylorospasm results from irritation or distention of the duodenum (3 to 5), the appendix (4, 6 to 8), the colon (8 to 13) and the gall bladder (4, 6, 8) . Hughson (14) presented evidence that irritation of any of the viscera in or near the abdominal cavity produced pylorospasm through an influence on the peritoneum. In these studies, the reports of experimental and clinical investigations mutually supported each other.
Barber and Stewart (4) and Smith and Miller (8) have reported a marked increase in gastric tone and motility from irritation of the colon, ap- pendix, or gall bladder, but practically all other investigators (12, 15 to 19) obtained an inhibition of the empty or digesting stomach from body irritations. According to the older concept, gastric inhibition should be associated with pylorospasm, for it was believed that these structures acted in opposition to each other. However, the fact that gastric inhibition would in itself adequately explain the delayed gastric evacuation produced by noxious bodily stimuli was largely ignored. Now it appears to be well-established (a) that the stomach and sphincter under most circumstances behave, not in a contrary but in a similar manner, i.e., react as a unit (20, 21) , and (b) that gastric evacuation is controlled more by gastric peristalsis than by pyloric closure (22, 23) . Also, several improved methods of studying pyloric sphincter activity have been recently developed. It therefore appeared advisable to reinvestigate the development and importance of pylorospasm in the delay of gastric evacuation produced by noxious bodily stimuli.
In the present investigation on unanesthetized dogs, we have irritated various parts of the body and have attempted to determine the effects not only on the pyloric sphincter but simultaneously, on the motility of the pyloric antrum and duodenal bulb and on the gastric evacuation process. We have employed several methods which are more direct than those ordinarily employed, but we have also included roentgenological studies.
A series of 9 dogs were provided, by the method of Meschan and Quigley (21) (26 experiments) , and blowing air into the ear (18 experiments) . In each case, the degree and duration of the irritation was varied over a wide range, from mild to moderate, and was continued until definite signs of distress were elicited. Although this type of irritation was only moderately effective, a modification of pyloric region activity was produced in practically all cases. This was invariably an inhibition of all 3 regions, which varied in degree and duration with the degree and duration of the stimulus. The irritant frequently was applied after the animal had been in the hammock for several hours, was becoming restless, and a nervous upset was easily produced. Usually, the inhibition was only moderate unless evidence of psychical disturbance developed. Complete inhibition was usually associated with a brief struggle period. Tasting, chewing, and swallowing food were among the most effective methods of temporarily inhibiting the sphincter region.
Distention of various portions of the digestive tract. In this series of experiments, a balloon connected to a mercury manometer was inserted into a portion of the gut and 15 minutes later it was inflated. Distention of the lower fourth of the esophagus (15 experiments), the second third of the duodenum (17 experiments), the jejunum, 20 cm. distal to the sphincter (8 experiments), the lower third of the colon (20 experiments), or the rectum, including the internal and external sphincters and the anal canal (9 experiments), produced inhibition of the entire pyloric sphincter region. Some variation in results occurred between different animals or in the same animal on different trials, but in general, the results were as follows ( Figure 1 ). The degree and duration of effect was related to the degree and duration of the distention. The inhibition developed in 5 to 60 seconds and if the distention was maintained, recovery gradually developed during the subsequent 3 to 20-minute interval. All 3 portions of the pyloric region were inhibited in a similar manner by duodenal distention, but stretching the other parts of the digestive tract was slightly less effective on the duodenal bulb than on the antrum or sphincter. with pressures of 5 to 15 mm., produced a slight increase in tone and motility of the sphincter region, similar to that previously reported (25, 26) . With higher pressures, up to 45 cm., an inhibition of the sphincter region frequently developed. Caution was required in interpreting these records, for distention of the large gastric balloon increased the intra-abdominal pressure and produced a record which could be mistaken for augmented pyloric region tonus.
Vagotomy. Distention of the duodenum, jejunum, colon, or rectum still effectively inhibited the entire sphincter region in dogs after section of the vagi above the diaphragm. In these vagotomized animals, distending pressures 10 to 20 mm. higher than in normal subjects were required to produce comparable effects, and the latent period was 1 to 2 minutes longer. Thus, it is evident that the vagi play a role in the sphincter region inhibition, but are not essential to it. It has been reported (18) that inhibition of the body of the stomach follows intestinal distention of vagotomized dogs, but according to Thomas et al. (27) , the enterogastric reflex, by which substances in the duodenum inhibit the sphincter region, does not operate after vagotomy. Hughson (14) could not produce "reflex pylorospasm" by irritation of the peritoneum after vagotomy. We observed that the application of 5 cc. portions of 0.5 per cent procaine to the duodenal mucosa, 3 times in 8 minutes, did not prevent the development of the characteristic inhibition from duodenal distention.
X-ray studies. Roentgenological studies (5 to 11) have provided most of the results interpreted as indicating that retarded gastric evacuation is frequently due to pylorospasm. Therefore, we determined (22 experiments), by the x-ray method, the effects of noxious bodily stimuli on gastric evacuation and on gastric and bulbar motility. We checked these observations by the simultaneous registration of the activity of the pyloric sphincter, as recorded with the pyloric diagraph (28) , and by the accurate determination of the intralumen pressures in the antrum and bulb (25) . Studies with the pyloric diagraph alone were also made (8 experiments) to provide rather direct information regarding sphincter activity (actually, the changes in the external (serosal) diameter of the sphincter), while the lumen of the sphincter region was free of foreign bodies. In 12 experiments, the antral and bulbar pressures were recorded while the sphincter activity was simultaneously followed by the pyloric diagraph, and this in turn was checked in 6 experiments by a miniature sphincter balloon (4 X 8 mm.). In each set of experiments, half were performed in fasting animals, but for the remaining studies, the animals were fed 300 grams of corn meal mush and 92 grams of BaSO4.
In these studies, emotional states of the animal (restlessness, panting, etc.) usually produced marked retardation of gastric evacuation, a suppression of antral and bulbar tone and peristalsis, and of phasic pressure changes. The pyloric sphincter was inhibited, as was indicated by a fall in the miniature sphincter balloon record, a separation of the lead shot, and a cessation of rhythmic contractions. Similar results were obtained by feeding a small amount of food, startling the animal (an unexpected noise, flash of light, touch, slap, etc.), or the insertion of a colon balloon or rectal spreader. On the other hand, nausea and vomiting produced a temporary increase in antral, sphincter, and bulbar motility and in antral and bulbar basal and phasic pressures.
Stretching of the lower colon (30 experiments) was obtained by a balloon attached to a mercury manometer and the anal sphincter and terminal colon were stretched (14 experiments) with long sponge forceps. In each case, a range of stimulation was used, varying from the mild up to and including those producing distress (restlessness, irregular respiration, nausea, or vomiting). The effectiveness of the stimulation varied with the degree and duration of the stimulus. The invariable result was a delay in gastric evacuation. Antral and bulbar peristalsis and phasic pressure changes were suppressed and the basal pressures were lowered. The sphincter was relaxed, as was indicated by separation of the shot, cessation of rhythmic contractions, and a fall in the sphincter balloon record (Figure 2) .
Pressures in the colon as low as 10 mm. of mercury produced slight inhibition of the sphincter region, but complete inhibition required 35 to 60 mm. pressure in fasting dogs and 50 to 80 mm. in fed animals. It has also been observed (26) that fat in the duodenum is less effective in pro- ducing inhibition of the sphincter region in fed than in fasting animals.
Discussion. The motor activity of the pyloric sphincter region was studied by a variety of rather direct methods. Although each of these methods taken separately has objectionable features, these objections are decidedly minimized when considered in the aggregate. We attempted to produce pylorospasm by a series of procedures, more or less similar to those which in the hands of others apparently produced such spasm. Emotional factors or stimulation of the surface of the body or the gastro-intestinal tract, in our experience, invariably failed to produce pylorospasm. In fact, loss of sphincter tone and motility was uniformly obtained. Inhibition of the pyloric antrum and duodenal bulb generally paralleled the pyloric suppression. According to our observations, the decreased antral propulsive peristalsis was responsible for the simultaneous retardation of gastric evacuation. It Roentgenological studies only give dependable information regarding pyloric sphincter activity when the sphincter is visualized. Thus, the usual conclusion that the non-visualizing sphincter is always closed or is in spasm is erroneous. In our experience, this is the basis for the mistaken ideas that (a) the sphincter normally is closed most of the time and only opens when forced to do so by high antral or bulbar pressure, (b) that substances such as fats, fatty acids, HCl, etc., in the duodenum delay gastric evacuation by producing pylorospasm, and (c) that pylorospasm is readily produced by noxious bodily stimuli. It is therefore likely that complete dependence on roentgenological evidence can lead to an erroneous diagnosis of clinical pylorospasm.
The clinical diagnosis of pylorospasm rests largely on roentgenological evidence: failure of the stomach to empty, failure of the sphincter to fill or visualize, sometimes in spite of apparently vigorous contractions of the more proximal portion of the stomach and occasionally the presence of a firm mass in the pyloric region. On the basis of this evidence, pyloro-or prepylorospasm apparently can result clinically from disturbances in the digestive tract or gall bladder, renal calculi, cardiac disease, or emotional trauma (Jordan and Lahey (30)).
From a critical standpoint, clinical pylorospasm must be distinguished from several conditions with which it frequently is grouped, e.g., thickening of the muscularis, edema, scar tissue retraction, or post-operative deformity of the sphincter region. When this is done, gastroscopic evidence, such as was presented by Gibb (31) , does not confirm a high incidence of pylorospasm. This investigator observed the sphincter in 560 examinations and found it open practically all of the time and closed intermittently and for brief intervals. In 20 cases with food retention, he found the pylorus patent in every case.
Summary. The effect on the motor activity of the pyloric sphincter region of emotions, or a variety of noxious bodily stimuli applied to somatic and visceral structures, was determined on trained dogs by several rather direct methods. Under these conditions, as in several previously studied, the pyloric sphincter region (antrum, sphincter, and bulb) tended to behave as a unit; in action, the sphincter was similar, not contrary, to the antrum. Emotions and noxious stimuli did not produce pylorospasm but tended to inhibit the entire sphincter region. Emotions and noxious stimuli retarded gastric evacuation. This retardation resulted from decreased antral peristalsis. The delayed evacuation was not due to pylorospasm; in fact, it developed in spite of the pyloric relaxation. The claim that pylorospasm is readily produced by emotional states or noxious bodily stimuli receives little support from this experimental study or from a critical consideration of the clinical evidence.
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